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mm. 2 0 0 3 - 1 0 8 7 5 7 ^- V : 1/ 

1- & ^ -v - v *° y 7°mffio 

f§rKfcCX, m 1 <0 ? O y ? V? 4 ^-tm2<Dy-U y >7 Y? 4 ^-(DMit 

tz&WLt-rz tmm 3 isfc^ * - v *° > mii& 0 
trtmt-rz m#m. 3 ie*^ -v - v > 7 0^0 
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h z. t z mm. t -t z> tmm 1 x mmm 2tm^>^^- v *° > ■/hji&o 

[0 0 0 1 1 
[0 0 0 2] 

fc£$.<n\£ j r*ij * 9, t*J9 fr^-fcij * 7 (dsc) , Dscy * ~y^<Dm^. 

m^it, -eOBfcft&M &tstz*b KCCD (Charge Coupled Devices) 

CCD^IEK)-r^7^:i6<7>CCDIE»j|lIS&(±, y 0 ^x, 4 -f- X <DMWJ± (+i5cV 

) -cao^mrL (Son a) om^iai&^^t-t^o -i^ismEEfiX'f vv-yy 

[0 0 0 3] 

m M A y >f X * a *) , ttjg IHE& £ v - ^ K L T ffl v > & it *i 

[0 0 0 4] 

tzx\ ftSEmft&t&mowmm&t lx. ? v y • ^ j f-v^>-/nig& 

^iii^titv^o ^OHJS&ti, 0dx.tf&ffi:S:jSfc Tjohn F.Dickson On-chip Hig 
h-Voltage Generation in MN0S Integrated Circuits Using an Improved Volta 
ge Multiplier Technique IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. SC- 11, N 
0.3 pp. 374-378 JUNE 1976. J tcf£ L < IE«$ fiX^ho 
[0 0 0 5] 

13 9 4g<OfV * V > • ^^-v^^y^MO 0^111^^1-0 ^>f3j--K 
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Dl~D57& ? e?iJgM£$ftTV>& 0 Cl-C4i±#^>f KD1~D5C0^M^^ 
^SftfcgH^n y-r>-ir (Coupling Capacitor) , C L (4 tBv^m (Output Capa 
citorh CLKtCLKB(±Sv^l,tffi<7)A^^ n y 9 ifz, 5 1 (4CLK 

RVXlMtfXJj $*ifc^D^K5>f/<-, 5 2 lilffitft* 4 e ?n»^K 
9>f 5 1 izitnffiM&Vddtim&ZtiX^Zo ZtiltZX *)?uy? K9>f ^ 
- 5 1 frt>mi3Zti&?v y ?^)V*<s>\, 4> 2 <7)tb^®ips(i*-jVddi:^^>o 
LT> ^n7^A>7$llin>7 J >tC2, C4t:ttJ&?ti, ^ n y ? 
*2li3>f>tCl, C 3 ^£t|&£ft£ 0 
[0 0 0 6] 

o <M= /W (High) , 0)2=0^7 (Low) <7>SHffl, BlffO^^enw^lp]^^-^ 
2 IoutW^*S£;* , St*i<&o 
[0 0 0 7] 

«Dl=n-> (Low) , 4>2= /N-T (High) OJtSffi, ElO^^en^^foJ^ 
2 Iout0^m»{L7»ti&o * n y 9 )\sX*<DZ.tlb<D&W-&>W.mii£XIo 

uttft&o ^Rt^;^tt^^^-v^ 0 >-7 0 ^e(7)#l±«i±Vout(±J^T^ct -9 £ 

[0 0 0 8] 

Vout = Vin - Vd + n(V^ ' - VI - Vd) 

l^<t ottU mEigipI "C * & o VI 14 tb^J mvitEIout K «t o T £ £ 2> mEEI^T> 

V in(4A^J«i±-e^) *) > iiS-7°7^#EEt?f4m^mi±Vdd, T>f ^X#j±-e(40V 
HW, Vd(4MI^[6]/WT^^-r^- K«JE (Forward bias diode volta 
ge) nli* s >e>»^^ 0 HK, VI tV<f>' lt>X^xm^fi^o 

VI = lout / f (C + Cs) = (2 lout T/2) / (C + Cs) 

V = V^ C / (C + Cs) 

-r-r-c, ci^3>f>fci-C4W^ii, cs(4#^y-K 
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l,Z& if <5>^^.#S<7)#iia (stray capacitance at each node), V^ii^n -y^ 
/N°;VX<7)igil)g (clock pulse amplitude) , f fi? n y WV7,<DJ%faMiL. Tit 
y (clock period) trab^o f-^- v^V^a^m^J^ti, * n y 

* K9-f >*-J&»fc»£$*l::^&£ft**»E*&fcU Vin=Vdd<hi-^ 

7 = Vout lout / ((n + 1) Vdd lout) = Vout / ((n + 1) Vdd) 

z(dxok, t-v ?v> • -/emit, Y*mffi&mmT 

(charge transfer device) t Ltffl^ttf t>k* Ktm&-fZ> c\ t tCt 

x ^ & v » 1 1/ ^ «Rf & j#o t5 s \ ^j^^a < ^ § ft m # m» s *§ <b n ft v *t ^ 

[0 0 0 9] 

stm* (tmA) zm-tzfr-i/'tfyfm&zm&Lfzo ^oesci^^ft 

[0 0 10] 

[#i^m i ] 

2001-286125 
[0011] 

La*Lfc**fc, *<3^-y#>7ls]l&0^flMtKI£U ^AWit (Inrush C 
urrent) ri^Si: ft o fc c 1"ftfc>*>, ^Hi^^i&fffi^Bf KI±4MS 

^a^T'^K, SWM^ftMfitfTtmSttT^ft^o y*°>7°» 

Pfl&K, #l§^3>x>^t;^sOKW^7t*^n^o c\<D?ztb, f-^-v* 
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•coraojtijiBn::, AMM^ny^ K^-f ^-<7>m»^ 1 oomA-i a 

[0 0 12] 
[0 0 13] 

mm * m&t-r %> tz no^m 

(2)3 >f >tC^ D ^ ? n 7 ? K7^f /f-, ©l/^^y 

[0 0 14] 

^rZ\X\ *§£W<Dfr-zS#>-7m&i*. |10^n^K7>fA-t, 

Jfil^7n 7 7K7^^-^$^ P^BfP^iMH^ H2 
O^D-y^K5/f^- S J: ? K1W»1-* * n y * -f ^'-tU® ®S& 

[0 0 15] 
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4$JH 2 0 0 3 - 1 0 8 7 5 7 ^- v : 6/ 

[0 0 16] 

<7)M1, M2fiN^-Y*;HL tW3, M4liPft^;H^^ 0 it:. 
tflslfflMOS h7>y^^Ml -M4^*- h • ^WimEEVgbfir- h • 

kw >p B mi±vgdti5i-'(it<!:^^ j: d v u 4 > tmwmm&t* & x ^ 

[0 0 17] 

«EEVint LTm^*EE Vdd?mf££ fix ft^<75m#$^fflMO S h7 
>y'X^M4(0 K W >7&^#i±mEEVout75 ? ttl^$ti^)o EI^^C o u t l±m 

[0 0 18] 

f lt, ^EEWEEvoutfip^^i^-^ i o la o xmn^m&^mm £ tttz 
^enin^n^>o iw^a^s^ (+) &cti, x^>fswi, sw2t:j:oti 

l^iiflEEVre f 1 X(i^«£E (0 V) ft, ZtHzmuZti 

o 

[0 0 19] 

CI, C 2 , C 3 {i*#$£iifflMO S f7>y'7^Ml-M4 CO^M* > 
\£y?;-Y) \z-m^m^f^tz^uyry^Xh^o g^yfyfCl 
^n 7 ^/^^CLK^\ $IJ#PIU{&3 n i7 K^^/s- 7 

0 ^raLTenj!jn^tL^ 0 >7-*>-9-C 2 c7)«Kifi, 7n77^°^XCLK 

titffi<7)^n ^/^U7«CLKB»J®111^4 O&CK^ny^ 0 £ 

K7^IH*P0{&5 0&£/^ n ^ K9>f 9 0 LXttHmZ ti&o 
[0 0 2 0] 

^7 7K7^^7 0(i, m^-r&ct^, i&^mmmt} z^Ltzm 1 
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? o y ^ K7^f^'- 7 0 A^#iL1-^ |2W?n 7 ^ K9-f^- 7 0 B 

[0 0 2 1 ] 

WIsL L "C , |l«?n^ 7 0 At%2<D?u y ? K9>f /<- 7 0 B 

<VW*)&z.Mi'fZftt>-&Z>Jjmi, v *° > 7°Hli^<7)#I±SI± V out j&*Br£ 

[0 0 2 2] 

I#«C(i> SitffV r e f 2 i:#JEE«JEVout**St/tR 1 - R5T« 
EELfcmiEV a £ *it$ff2> n W< V- ? 6 0 fO^t*^*- Ki2J 

l)iiifMS tC £ *K ^lco^n-y^ K^^/s- 7 0 Ati20^o-;^ K7 
7 0 B<Z>SJiJBIx.£fT9 <t 9 tCL^o 
[0 0 2 3] 

•r & *> *> , -v - v *° y •7*®mmftffl%i-$- & t #eie vout tzmm 

L, #JEmEEVout^tiL^I±$tL^«JEV a ^^^^^ini-^o £ 
Va<Vref 2(0^!i, n 6 0 Otti^J-e** -t- K^O^^AM-^ 

7 0 A£l&fE£-£&o f LT, ^NFM^iiLT, Va>Vref 2 Kfc 
[0 0 2 4] 

-zy^V-* 6 0 HA#£*i&H2 <7)^i*mj±V r e f 2 t!> ? — £mJ± 
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mm 2 0 0 3 - 1 0 8 7 5 7 ^- V : 8/ 

®!&<7)m^-e£&#EEmffiVout<7)'; 7;wij:&fgi^£Kjhl-&£*Mi, r* > 
[0 0 2 5] 

ttz, IfKMMOS F7>y^?Ml tM2W- h tzitZti^'tiKm 
V^OVisy MUS&S 1 , S 2 <D *iT^& 0 mWISiifflMOS 
YyyV^9M2, M4^- h v 7 hilf&S 3, 

S 4<7)m^J/6 ? #t*&$tLTV^ 0 Sjg^Jl/y7 MUi&S 1 , S2, ^Rfil/^JU 
■>7 MHj^S 3, S 4 0^^@»(:o^tlitlt^o 
[0 0 2 6] 

®2(i, 3fW[I]i&3 OWO'^ K^>f/*-7 0 O^WU^T^i-lil^El-e^) 
£o -(&(7)$lJ^Ii]l^ 4 0 o y ^ <Y 8 0 , 5 0 u y? 

K^f 9 0 i:oi»r^Ri«i)jt-C*&o -<7)^ n y ? VJJ'*- 7 0 fi. 

i&^mwjmijZGLtzmi <r>tu ? ? k^^^-7 oa, j^ieim^^ltc 

[0 0 2 7] 

il^)^n^ K9>f'*-7 0AI±, Pft^^MOS h7>y'X^MP 1 £ 
Nf + ^MO S h 7>y^^MN 1 t ZWWMJ±V d d fcgMlMEJE (0 V) O 

*;l/MO S h 7>y'X^MN 1 Mcfi, $IJt®HIS& 3 0 OfcbTj a , b^PiD 

h 9 >y7^MP 1 STOf t^;VMO S h 7>yX^MN 1 <D^>mX^X^ 
T&jtStt&o 0^ft±(±^ Pft^MOSF7>y^^MPlSO i 'Nft 
^^MOS h7>y/;^MNl<?)GW/GL$:/h$<ttL(t *(?>mtoW3*T 
lf2>Z\ttfX~£2> 0 GWii h7>y'X^y- Mpg. G L (i h 7 >yX ^ <DY— 

[0 0 2 8] 

|20?n7^ K7^^-7 0Btt, Pft^^MOS h7>^?MP2t 



ffifE# 2003-3109101 



mm 2 0 0 3 - 1 0 8 7 5 7 ^- v : 9/ 

Nf^r^^MOS h7>v^^MN2 t^liiJEVd d t&tiLME. (0 V) O 
WKE^jKgM^LTlSJSStL. Pft^^MOS h7>yX^MP2SI> , Nft 
^^M0Sh7>yX^MN2^-M:ii, flfU$I[5IJ% 3 0 cotti^ c , d» 

[0 0 2 9] 

fit, llO^O'^ K^^/s— 7 0Ah|2^)^n7^ K^^/^-7 OB 
om#titii;ft$r?-3 5 i<7)tB^J^T-3 >7->^C 1 

[0 0 3 0] 

#cK; ^«@K3 OW^n-y^ K^-f^-7 0(7)»j^^^-t^o v>£ 
$IJ^[i]S&3 Otc, ^coljl 1 (DXt}^J-3 3*ftLX?u y ? ^)V*CLKtfX1l 
£ fiX is N t2f)AMf 3 4C, 6 0/6^(7)^- K^Jl9^x.« 

-tM S t^A^J £ tL-i> & CO t -r Z> o 
[0 0 3 1 ] 

■=6- VWO&z.in^MStf^J (Va<Vref2) <Dt%, 

^•^XC LK(i$lJflp[I]S&3 0 £SLT, iHMT-a, b t)^^-<7) J $aj#£*u 
H 1 n y ? Vv^^- 7 0 A^MLtv^ Pft^MO S b 7 * 
MP 1 tNft^^MO SF7 >y'X^MN 1 <7)^- h uepftQ£*i&o -tUii: 
^ 1 1 a 7 ^ K7 - 7 0 A^M ^ LtiM^o ffHJffll 

H2co^ny^ K9f^-3 0 B £f#J&LT^& P^--v^;HVIO S 
yX^MP2tNft^^MOS h7>y^^MN2 f± v^-ftL i> * yVtB t^^O 

[0 0 3 2] 

fcr, ^ n 7^^CL K(±fg;V^|EKjf^^WL7t:^ 1^)^7^ 
^'-7 0A^ILT, C lKmSZti&o 

[0 0 3 3] 

^IC, ^e- K^mxlf-tMS^o-y-l^^ (Va>Vref2) <7)<b * 



tUmEff 2003-3109101 



mm 2003-108757 



^-v: 10/ 



£*U H 2 O ^ n y r> K^^/n'-7 0 B«Ltv^Pf t^^MOS 
y'X^MP 2 iiN^-V^MO S h 5 > 9 MN 2 <DY- Y KflljjjnS ti& 0 Z 
ftiZX |2(0^D 7 ? 0B«t^o — ft, $IJfPH]B&3 0 <D 

tb^SSH 1 a Utt/W m^^btCiin^u^c^^m^J^tL^fw*. Hi 

<7)>?uy9 K9-f^- 7 0 A^itLT^SPf t^^VMO S h 7 >yX^MP 
1 iNft^MOS F7>y^?MN 1 tinTft & * 7^ t & <9 , ilO^ 
n y ^ K^>f 7 0 Atf>i&(1^i#lhi~&o 
[0 0 3 4] 

lot, ^ n / C L K liS^ISi^ *f L fcl 2 © ? n 7 ? K^>f 
/<- 7 0 B£iILT, ^n>7-*>-9-C 1 iZ&&ZtL2> e 
[0 0 3 5] 

±IBHMf^T*(i, fiflJfPII]j&3 0 firr 6 OOttl^-eab^^- KSJ 

ftU dtUCffcCT, Hl<7)^n y? K9>f^- 7 0A<^Ki^ 5: f?ih£-tf\ f£2 

[0 0 3 6] 

-7 0 AOftf^«rflcjh$**i %2<D?Uy? K^-r^-3 0B» 

K9>f/<-7 0ASU r K2O^D>^ K7^/<-7 0 B -h Wfcl" & - t \z & h 0 
[0 0 3 7] 

[0 0 3 8] 
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<y> Y-t&ii^y 9 o Z.<F>iJ V >2- 1 0 0 OtB^Hi, ^-K#J*)#lx. 
iS^-MS' tit, 3 0<7)A^^5?-3 4 HA7J£n& 0 Sfc, tj ^ > ? 

- 1 0 OOHJ^jti, 0, 5 0t:4TO:Ail§tL4o -t^t>ib, U V 

y*?- i o Ki^&x. items' (±, *-)>?-ioo<7)* 

^Mfc^ ^*K5fe$*Lfe^n y C LK^±#^)|iIi (JilT\ Bfi 

[0 0 3 9] 

c*Ucj;*K l]*jy>?- l o 0O#->> hm^^laIiS:Hjt1-^^T(i, ©IE 

-70 Bjwufti-* x n t>ti& 0 

[0 0 4 0] 

&2>w*. mmm&3 o, 40, 5 o^f^snii^^^M-r^-t-e, 7>->>^ 
- 1 0 o<oij*?y vmsmfcmmzm-fzix-i^ mmi&jjzmi-z>mi<v? 

uy{7 7 OAt^EH^U EfTHleim^C^^i:, |l«^n^K7 

>f 7 0 AHtPx.r, |2^)7D7 7K7^^-7 0 B^»tj^i-^>ct ^ H$IJ^ 

[0 0 4 1 ] 

•e^=j>-T-'>^c, C2, c 3 ^^^zytm-c^^tmcommzm^n^o 

[0 0 4 2] 

UMV^OVi/y MUi&S 1 , S 2 O@m#J&&0Wr«EI£[3 4 (Ctk 
-To 1114 (a) i:^ti9C> ;<7)Slsl^^^y7 MH0S 1 , S2(2A7J-f> 
i NV, MliA^MOS h^>v*?Ml UM12, ?ux&mztitz 
MOSf7>y^^Ml 3tMl 4t^ii^ 0 C ttib HinxT^^T y 

7°^£*i/iMOS F7>v^^Ml 5, Ml 6 ^iitv^ 0 fLt, MO S 
l>7>y^^Ml 5<7)r- hCiiiEV 1 2 #WD£ft& V-vUCf±«{3: 
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A^ep^tiT^&o 

[0 0 4 3] 

ifc, MOS F7>yX?Ml 6<7)^- HcfiV 1 2 t»lEV 1 1 j&*£p 
Ml 1, Ml 2{±N^*;HL Ml 3 -Ml 6 (i P * *) . 

[0 0 4.4] 

ifc, 04 (b) C^ti^:, HOiJS«l/^^y7 M 
OSF7 >v**M 15. M 1 6 £>f ^f#J& h «t 0 «MLT*> «t v> 

o 

[0 0 4 5] 

Mas&iimfiA t^r^mfiB (a>b>ov) ^ica^t^o 

[0 0 4 6] 

^gl/^;i/y7 MUS&S 3, S 4 <DM&MJ&WW}iWfeftZmzm 5 
Tji-fo EKl'^^v7 hllli&S 1 , S 2 lfiAt:^;vr yy^^i 

7tMOS h7>y^^Ml 5 or- M:1EV 1 1 riWra £ *u lfi[Bi:^7 
vfZtitiMOS h7>y7>^Ml 6©y- M:tJ±V 1 2 #Wjn£ *LTV*& * 

(H5 (a) ) o E15 (b) KjjrT J: ? MOSF7>y'X^M 

1 5 , M 1 6 y^-^m^LiZ LtUv^o 

[0 0 4 7] 

III 5 (c) (VWjftmm^jfi-rJziK, i<0MlsW^y7h@KS3, S 
4 (iA7jmi± I Ni:*fL-C*RfiWl/^^y7 Mfrff^^TTo 
[0 0 4 8] 

Rgl/^;i'y7 MHB£S 1 , S2, *R|£V^y7MilKS3, S4i:f t 

(±, ^n-y^ K7^f^- 1 1 OiMLXtu v 7a>^CLK' 7^A7j£*i, . 
RgV^;Vy7 MhIKS 2i:ii^D7^ K9>f/*- 111 £iIL-c\ * n y 
^CLKB' ^A^jSti&o ^d^a'^CLK' <bCLKB' fi^c* * n 
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y ? CLKtCLKB hftfc £ ti& t&*\ «#$S3ifflM O Sh5> v * ? 

M 1 - M 4 nmyjfL^it-t £ O £ R&jff & 7t *6 iz , n -7 (Low) < & 

[0 0 4 9] 

1"&;b^ «W3£j§fflMO S h 7>y'X^Ml -M4 75 ? ^H^-7 LTtJ^^ 
n -y ^;i^C LKi C LKB^mtKX *)&^y\Ly 7 J - KO^-JE^t n i 

[0 0 5 0] 

itz, m 1 J: o R$El/^;Vy7 MUS&S 1 Oitsmfitfjom 

^ (mfi A) i:LT(i, l|£f£<7)* 0 >fc:y^/- K^SffiV 2 £'J§« 

[0 0 5 1 ] 

£ 1 mk<Dtfy\iyy ; ^. Y^m^V 3 ^flUfflv^o tfz, Rtel/^^y 
7MKS1, S 2 <DteMfiLW<oWW. (W.&B) i: Lt(±, #|&<7>mEE-C&& V 

dd, v i ^^ensp$tL-cv^ 0 

[0 0 5 2] 

-73, ^WMV^O^'yy MUi&S 3 0©«fifJjom^ (mfiB) tLTfi, 1 
s 4 <7) l&mfiffiij <7)«^. b ) <h L r (± , l ^hu (D # y\£yyy- Komn v 

2i}m^hKZ>o ttz^ ^R|El/^;l'y7 MUS&S 3 , S 4 co^mfiffiom^ ( 
WftA) <h LTIt ^omEE-e*^) V 3. Vout^^en^D^tLTv^ 0 
[0 0 5 3] 

7>y'7 7Ml-M4 <D¥- h • Kl/^f >KKJEVgd ( h 5 y^B 
com l±&T<Dt&*) 2 VddC«ux.^>- fcW*L4, tT\ #:5SO|»#jW9 

Vgd (Ml) = V 2 (High)- Vdd 
Vgd (M 2 ) = V 3 (High) - V 1 (High) 
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Vgd (M 3 ) = V 1 (Low) - V 3 (Low) 
Vgd (M4) =V 2 (Low)- Vout 

V 1 (High) = 2 V d d % VI (Low) = Vdd 

V 2 (High) = 3 V d d „ V 2 (Low) = 2 Vdd 

V 3 (High) = 4Vdd, V 3 (Low) = 3 Vdd, V o u t = 4 Vdd 

&fttiLli$L 1 C^ti 9 KH— fit 2 Vddt&& £ ^S^ti&c, U:^ot, j§5 
v^VgdtCt «9SWI£^lfflMO S h 7 > y ^ 1 -M 4 >ffift^T#^ ffi 

^r^tt^m^^ - v *• > ^ms&^nsT' § * 0 ztz, mmmmMo s 

h ? y VTs 9M 1 -M4 <DY- hSftbBSIf (thickness of gate oxide) (i—^K 
gd^W— Cab&*gr£Kjfr<T, (ON-state resistance) £1&<l£ir 

[0 0 5 4] 



m^eaiffl mos h7>vx^©>r-- k/ k u-c >p.nmi± v g d 



MOSFET 


Ml 


N2 


M3 


M4 


Vgd 


2 Vdd 


2 Vdd 


-2 Vdd 


-2 Vdd 



[0 0 5 5] 

Is^fflMOS F7>vXMl -M4 t±*n y ? ^frXiZlBCT&KK* y • :* 

i^S 3 i: S 4 HfllflnSfl* * o y ?s*)),XC LK' , CLKB' {ir^-vM 
^5 0%tli^^ o EUcjjrrj: n ^n-7(Low)o^ffi^M<^5E^ti 

tv^ 0 Z\ff)tz*b^ if fejifflMO S f 7 >y ^ 1 -M4 O t ><7)if B 1liI 
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[0 0 5 6] 
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